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Mr. McLennan has done his arithmetic correctly, but 
the calculation is really extremely simple, as thus;—- 

The moon’s mass is i/8oth that of the earth, which is 
6xio 21 tons. At the moon’s distance, which is 60 earth’s 
radii, terrestrial gravity is reduced to i/36ooth of its value 
at the earth’s surface. Consequently, the weight of the 
moor., i.e. the earth’s gravitative pull on it, is equal to 
the ordinary commercial weight of 

1/3600 x 1/80 x 6 x io' 21 tons. 

An alternative, but not a supplementary, way of doing 
the sum is to say that the moon revolves through the 
angle 2jr in, say, 275 days, and that therefore the centri¬ 
petal force necessary to hold it in is 

tons x (—'l x 60 x 4000 miles. 

80 V27J days/ 

The acceleration part of this is about 13,000 miles per 
day per day, which is the same as 32/3600 feet per second 
per second; and this is obviously in accordance with the 
law of inverse square. Oliver Lodge. 


A Direct Estimate of the Minimum Age of Thorianite. 

I wish to record an experiment lately made which 
affords more direct proof of the great antiquity of radio¬ 
active minerals than anything previously attempted. 

The principle of the method is to determine (1) the 
total accumulated helium in the material; {2) the rate of 
formation in the same material at present. 

A sample of thorianite was found to contain 9 c.c. 
helium per gram. 

Four hundred grams of this thorianite was got into 
solution, and all traces of helium boiled out with scrupulous 
care. After it had been allowed to stand for seven weeks, 
the solution was boiled out again. A little nitrogen and 
nitric oxide were evolved. These were removed by 
charcoal cooled in liquid air, and the residual helium 
collected in the capillary of a McLeod gauge. D 3 could 
be seen in the spectrum, but the volume of the gas was 
too small to measure. It was certainly less than 
2X10- 0 c.c., perhaps much less. 

Thus the annual rate of production of helium per gram 
is less than 37x10-* c.c. The 9 c.c. initially present 
cannot, therefore, have accumulated in a less time than 
240 million years. Experiments on a larger scale, which 
are in progress, will probably lead to an extension of this 
estimate. 

Prof. Joly, in his interesting book, “ Radio-activity and 
Geology,” has brought various objections against the 
radio-active method of measuring geological age. These 
will require to be carefully weighed. I may remark, how¬ 
ever, that in the present case no uncertainty arises on 
the ground that the substance may formerly have con¬ 
tained much more uranium or thorium than at present, 
for thorianite consists almost entirely of the oxides of these 
elements. _ R. J. Strutt. 

Imperial College of Science, May ti. 


Sense of Smell in Flies. 

By far the most efficient of fly-destroyers with which 
I am acquainted is a dilute solution of formaldehyde. 
If two teaspoonfuls of formalin (40 per cent, formaldehyde) 
be added to a soup-plate filled with water, flies go to it, 
one after the other, to drink, especially in the early after¬ 
noon. Some die in the water; many fall in the immediate 
neighbourhood of the plate; others succumb on window¬ 
sill or floor. As the result of leaving a single plateful of 
the solution on the kitchen table (I am writing in the 
south of France) hundreds of dead flies are each day 
swept up from the floor. Formalin water is free from 
the gruesome associations of fly-papers and other traps 
which hold their struggling victims. It may even be 
turned to ornamental uses. A wire cage placed in the 
centre of the dish may be crowned with flowers, which 

flourish equally as well, with some slight but interesting 

changes in tint, in dilute formalin as in pure water. The 

solution neither attracts nor repels flies. Two similar 

dishes placed side by side, the one containing pure water 
and the other formalin, are visited, so far as one can judge, 
with equal frequency. It is somewhat strange that so 
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small a dose proves fatal when taken into the fly’s 
alimentary canal. I find that, to free a room from flies 
by vaporising formalin, the air must be rendered quite 
irrespirable by a human being. The room needs to be 
amply ventilated before one ventures into it. 

The interest which attaches to this observation, that 
flies will drink a solution of formadehyde, lies in the proof 
which it affords that the mechanism of their sense of 
smell is similar to our own. No volatile body the density 
of which is not greater than that of air is a stimulant 
of our olfactory membrane. Formaldehyde, H,COH, has 
a density of 15 only. Playing in paradoxes, one might 
say that it undoubtedly has a malignant odour, but we 
cannot smell it. If the nose be placed close to a vessel 
containing a dilute solution of formalin a scent is recog¬ 
nisable, but this I take to be due (a chemist will correct 
me) to impurities present in the commercial product. Yet 
I find that when I sit within a yard of it my eyes begin 
to smart. In this respect, however, I am, I know, 
exceptionally sensitive. I cannot dissect specimens pre¬ 
served in formalin until after they have been long soaked 
in water and spirit frequently changed. Once, when con¬ 
ducting a viva voce examination with the aid of formalin 
preparations, I developed so acute and painful, although 
happily transient, an attack of conjunctivitis as made it 
impossible for me to attend the examinees’ meeting. The 
fact that so deleterious a volatile body as formadehyde does 
not appeal to our sense of smell would seem to confirm 
the only theory of the physics of olfaction at present 
plausible, though far from comprehensible, namely, that 
which attributes to the hairs of the cells of the olfactory 
membrane the capacity of responding to the alterations in 
the vibration frequency or amplitude of molecules of air 
which are caused by the presence amongst them of heavier 
molecules. Alex. Hill. 

Mentone. 


The Production of Radium from Uranium. 

Experiments on which I have been engaged for the 
past six years have until now failed to establish the pro¬ 
duction of radium from uranium. With carefully purified 
uranium salts, using considerable quantities, the growth 
is too small to be detected for the first two or three 
years, and is less than 1/10,000th of what would occur 
if a direct change of uranium into radium took place. 
With commercial uranyl nitrate, on the other hand, 
purified from radium by precipitating barium sulphate in 
the solution, a distinct though small production of radium 
was observed in 1905, and subsequently confirmed (Phil. 
Mag., October, 1908, 632). This is explained by the 
existence of an intermediate parent of radium in the series 
with a very long period of life, which has been found by 
Boltwood and by Rutherford in preparations of actinium, 
and recently isolated by the former from uranium minerals, 
and called “ ionium.” 

I have now been able to establish the production of 
radium in al! the solutions of very carefully purified uranyl 
nitrate prepared by Mr. T. D, Mackenzie and myself (Phil. 
Mag., August, 1907, 272). Three separate solutions con¬ 
taining 255, 408, and 278 grams of uranium (element), and 
of age since purification at the present time respectively 
3-53, 2 40, and 273 years, have been kept under observa. 
tion. The method of testing has been much improved 
since formerly, and the error of a single determination as 
now carried out probably does not exceed 10— 13 gram of 
radium. The quantity of radium in the oldest solution is 
now about 4X10- 11 gram, which is nearly twice as great 
as initially. During the past year five measurements of 
the quantity of radium in this solution have been made, 
and they show that, within the stated limit of error of 
observation, the production of radium has proceeded during 
that period proportionally to the square of the time. The 
tests on the other solution show that in them also the 
production of radium is now proceeding according to the 
same law and at a similar rate. 

That the initial rate of production of radium from 
uranium should vary according to the square of the time 
was deduced mathematically by Rutherford (Ja.hr. Rad., 
1908, v., 164) on the assumption that there was only one 
intermediate substance of period of life long compared with 
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the time of experiment in the uranium-radium series. It 
is easily shown, provided ail the periods are long, that 
the initial rate of production must be proportional to the 
same power of the time as the number of substances 
(including uranium itself) in the series before radium. 
These experiments, therefore, indicate that there is only 
one intermediate substance in the uranium-radium series 
with a long period of life. Assuming what is probable, 
but not yet known, that the present law and rate of 
production will be continued in the future, it is possible 
to fix the period of average life of the intermediate sub¬ 
stance from the existing data, with a margin of un¬ 
certainty probably not greater than 20 per cent. Ruther¬ 
ford has shown that the initial production of radium in 
grams from a kilogram of uranium is equal to 
6x10- 8 AT 3 , where i/A. is the period of average life of the 
intermediate body in years, and T is the time in years. 
This gives for the average life of the intermediate body 
the period of 10,000 years. This is about four times that 
of radium itself, and there should exist in uranium 
minerals about 1-36 milligrams of the substance per kilo¬ 
gram of uranium. The initial rate of production over the 
first two years appears less than that calculated, as though 
another intermediate substance of period of the order of 
two years existed in the series; but greater refinements 
will be necessary before this can be definitely proved by 
experiments of this character. 

Frederick Soddy. 

Physical Chemistry Laboratory, University of 
Glasgow. 


Wave Motion and Bessel’s Functions. 

The property, enunciated by Dr. Johnstone Stoney, 
according to which any wave motion can be regarded as 
built up of a combination of plane waves, may be used 
with advantage for a verification of the formulae for the 
solutions of Bessel’s equation in the form of definite 
integrals. 

Consider, for example, the hydrodynamical problem of 
circular waves about the axis of z in a liquid of uniform 
depth extending from z = o up to the free surface z = h. 
Imagine the wave motion to be built up by the super¬ 
position of a continuously infinite number of plane waves, 
symmetrically distributed about the axis of z. By taking 
a to denote the angle which the normal to any wave 
front makes with the radius vector to any point, and by 
integrating the expression for the velocity potential of {he 
corresponding train of plane waves with respect to a, we 
get the expression 

<p — A j cos m\r cos a — vty ej cosh ms da, 

where 

zpaaK. tanh mh. 

m 

The above expression for <f> being a solution of Laplace’s 
equation, it follows that 

TT rlT 

cos m (r cos a) da and / sin m (r cos a) da 
— 7T J -IT 

are solutions of the corresponding Bessel’s equation in r. 

Next, taking an unsymmetrical distribution of plane 
waves, and confining attention to the particular case in 
which the phase relative to the origin is independent of 
the direction, the amplitude between the directions a and 
u + da being F(a )da, we find for the potential at the point 
;(r, 0 , z) the expression 

* = / F( a) cos m {r cos (a - 9) - vt + e] cosh inz da y 

the integral being taken between limits for a, differing by 
27 r. By writing a — and suitably choosing the limits, 

we find 

< t >:= J F(0 + cos in {r cos w - vt+ €} cosh mzdos, 

and taking the particular cases of F(a) = cos or sin na, we 
obtain the solutions of Laplace’s equation 

•cosh mz cos or sin nB j cos or sin na> cos or sin m (r cos a>)da> 
J —IT 
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leading to solutions of Bessel’s equation of order «> 
namely, 

IT 

cos or sin nu cos or sin m (r cos a>) dm. 

G. H. Bryan. 
University College of North Wales, Bangor. 


Dew-Fonds. 

Like “ E. A. M.” in Nature of April 22, I have always 
been extremely sceptical about Mr. Hubbard’s theory of 
dew-ponds since it first appeared in “ Neolithic Dew-ponds 
and Cattle-ways.” My own experience of lakes and ponds 
is that they lose their heat slowly, and that, after radia¬ 
tion has set in at night, they indicate a much higher 
temperature than the ground adjoining or the air above. 

It has been a matter of frequent observation on Coniston 
Lake in summer that, after a night of heavy dew, the 
bottoms of the boats inside were perfectly dry, whilst 
the gunwale was covered with moisture, showing that 
the portion of the boat in contact with the water had been 
raised to a temperature above the dew-point. Prof. Miall 
and myself a few years ago made a special expedition 
to the Berkshire downs, in the neighbourhood of Wan¬ 
tage, to determine the temperature of the dew-ponds, and 
we found precisely the same thing, that is to say, the 
water at night was warmer than the air. It is impossible, 
therefore, that dew could deposit on the ponds under these 
conditions. 

Moreover, as “ E. A. M.” points out, it is inconceivable 
that the clay or straw in a full dew-pond can have much 
connection with the temperature of the water. My own 
conviction is that the straw is merely used to bind the 
clay, and the bed of clay above the chalk serves no other 
purpose than to make the pond bottom water-tight. No 
satisfactory explanation of dew-ponds has yet been pro¬ 
pounded, and, as your correspondent says, “ there is room 
for more experiment.” I have seen no reference to what 
may, I think, constitute one important factor in the re¬ 
plenishment of dew-ponds. Aitken has shown that the 
greater portion of the moisture deposited as dew is derived 
from the ground and not from the air, and in this con¬ 
nection it should be remembered that the chalk, on which 
the ponds are usually constructed, absorbs water like a 
sponge. Consequently, any lowering of temperature may 
cause a heavier dew or mist formation than on less 
absorbent material. Seeing that many of the ponds lie 
quite exposed on the very summit of the downs, drainage 
of dew cannot feed them, and it seems probable that mist 
may in some cases play a more important rdle than dew. 

J. B. Cohen. 


The Imperial Side of the Fuel Question. 

The article in Nature of May 6, and Sir W. Ramsay’s 
comment upon it, direct attention to a most important 
economic question. It has often crossed my mind that by 
a simple legislative enactment a marked saving might be 
effected in our factory consumption of coal. If Parlia¬ 
ment would enact that after a given year, say 1920, a con¬ 
siderable penalty should be payable by the owner of any 
factory where the consumption of fuel coal exceeded ij lb. 
per hour per indicated horse-power, it is probable that 
almost all factories would by that date be improved up 
to that level of efficiency. 

It is probable that the average efficiency of steam 
plants is only about 3 lb. per indicated horse-power hour, 
and your article shows the factory consumption to be 
about sixty-one million tons per annum. On those figures, 
halving the consumption on the above lines would save 
about thirty million tons a year. The modernisation of 
plant involved would pay for itself (from the factory 
owner’s point of view) in a very few years, and so would 
be a remunerative investment, so much so that financing 
the change should be within reach of even the weaker 
firms. 

The thirty million tons I suggest might be saved is 
more than si per cent, of the production (figures of 1907). 
so that the saving is well worth the attention of all who 
are concerned to conserve our coal, and I trust that the 
idea may be pressed forward in influential quarters. 

Manchester, May 10. Arthur McDouc-ai.i.. 
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